The nature of the isoscattering point has been examined theoretically with the assumption that the structure of a globular solute particle changes on the penetration of additive in the solvent into the particle. The salt ion or deuterium of the D20 used in X-ray and neutron contrast-variation studies was considered as the penetrative entity. The appearance of the isoscattering point was found to be limited to only two distributions of the penetrated additive: (i) the spherically symmetrical distribution; (ii) the homogeneous distribution over the particle. For case (i), the radial distribution is determined from the position of the isoscattering point; for case (ii), no information concerning the penetration is obtained from the point.
I. Introduction
The isoscattering point is the specific point at which the X-ray scattering intensity of a solute is independent of the electron density of the solvent (Kawaguchi, Hamanaka & Mitsui, 1983) . It has been observed in the X-ray scattering curves of globular solute particles such as micelles and viruses measured by the contrast-variation method (Kawaguchi et al. 1983; Kawaguchi, Hamanaka, Kito & Machida, 1991; Harrison, Caspar, Camerini-Otero & Franklin, 1971) and has been used for determination of the radii of globular particles to a good accuracy.
In a recent paper (Kawaguchi & Hamanaka, 1992) , the condition for the appearance of the isoscattering point in X-ray scattering curves was derived theoretically for the ideal system of an infinitely dilute and monodisperse solution. The condition was further examined for real systems of polydisperse and dense solutions. However, the structural change to the solute caused by the additive in the solvent was not considered in the paper, although it is usually discussed in X-ray and neutron contrast-variation studies.
For X-ray contrast-variation studies, sucrose (Stuhrmann, 1970; Harrison et al., 1971; Sardet, 0021-8898/93/020214-05506.00 Tardieu & Luzzati, 1976; Kawaguchi et al., 1983; Kawaguchi et al., 1991) , glycerin (Kirste & Stuhrmann, 1967; Stuhrmann, 1970) , glucose (Stuhrmann, 1970) and salts such as NaBr (Mateu, Tardieu & Luzzati, 1972; Tardieu, Mateu, Sardet, Weiss & Luzzati, 1976) have been used to raise the electron densities of solvents. A relatively large molecule such as sucrose hardly penetrates into the solute. However, penetration by salt ions seems possible by electric interactions, since the ions are of sizes comparable to or smaller than that of the water molecule (lmae & Ikeda, 1986) .
For neutron contrast-variation studies, D20 has usually been used to vary the scattering-density contrast. The deuterium easily penetrates into the solute by H-D exchange (Stuhrmann, 1974; Jacrot, 1976) . Thus, the influence of deuterium penetration on the scattering curves is unavoidable and some of the problems this entails for data analysis have been discussed by Witz (1983) .
The penetration of such additives into the solute is simply referred to as 'additive penetration' in this paper. If the isoscattering point is observed experimentally, the influence on it of additive penetration should be discussed before the particle size is directly determined from the position of the point. If the influence is not negligibly small, the distribution of the penetrated additive is expected to be obtained from the isoscattering point.
Although this paper deals with the isoscattering point in X-ray scattering curves, the results obtained are also useful for neutron contrast-variation studies. The notation is the same as that used in the previous paper (Kawaguchi & Hamanaka, 1992) . The nature of the isoscattering point is fully revealed in this and previous papers. Fig. l(a) shows a typical model of additive penetration. The amount of penetrated additive is represented by the density of dots. Po, pl(r) and g(r, Po) represent the electron density of the solvent, the electron-density distribution of the solute and the © 1993 International Union of Crystallography electron-density distribution of the penetrated additive, respectively. ,q(r, po ) is generally Considered to obey 0 < Ig(r, Po)l < Po inside the solute and to be 0 outside. If the solute has a site with a special affinity for additive, Ig(r, Po)l > Po seems possible for such a site. In this study, the increase in the particle volume is neglected for the sake of simplicity. Fig. l(b) shows a hollow body. Such a particle can be treated in the same way if the electron density in the hollow is expressed as 0(r, Po). The hollow-body system is presented as a special case of internal penetration.
Theory and model
The structure factor F(s, Po) of a solute particle in a solvent of electron density Po is written as (1) where vl(r) is the shape function of the solute and FT indicates the Fourier transform. The X-ray intensity
Fig. 1. Two illustrations of additive penetration into (a) the peripheral region and (bl the internal core of a solute particle. The penetration of molecules added to solvent to raise the electron-density contrast is simply referred to as 'additive penetration' in this paper. Po is the electron density of the solvent. pxlr) is the electron-density distribution of the solute, g(r. Pot is the electron-density distribution of the penetrated additive.
where ( ) stands for the spherical angular average in reciprocal space. From (1) and (2), we have
Equation (3) is rewritten, by introducing the relation pov~(r) = povl(r) -g(r, Po), as The condition that I(s, Po) is independent of Po is given by B = C = 0 from (4):
and
If v~(r)is spherically symmetrical, (5) and (6) are satisfied by V~(s)= 0. Thus, the isoscattering point appears at the position where V~(s) = 0. Furthermore, v~(r) should be monodispersive, as pointed out in the previous paper (Kawaguchi & Hamanaka, 1992 The constant term Jo(r) for pc) is not included in (7) since g(r, Po) expresses the increment in the electron density caused by the penetrated additive. Equations (3) and (7) suggest that the appearance of the isoscattering point is limited to only three cases. The typical model is shown in Fig. 2(a) . In the case of the solute which has some sites with an affinity for additive, the isoscattering point does not appear, since the increment in the electron density of the site is not, generally, proportional to Po. Consequently, the appearance of the isoscattering point is limited to the above two cases only.
Model calculations and discussion
Figs. 4 and 5 show the isoscattering points for case (i). Here we denote the position of the isoscattering point by s t, since s* has been used for the system with no additive penetration (Kawaguchi & Hamanaka, 1992 ). s, t is different from s*. The difference is due to the modification by f(r), since v~(r)= vt(r) -f(r). Thus, the particle size cannot be determined directly from the position of the isoscattering point. If the size is already known, however, f(r) is obtained from s~, as described below.
The additive penetration is estimated, in principle, from the difference in the electron-density distributions calculated from the scattering data with and without the penetration. Since the data are usually limited to the small-angle region, the interpretation of the difference is difficult because of the truncation effect (Moore, 1980; Taupin & Luzzati, 1982) . If several isoscattering points are experimentally ob- served in case (i), however, the additive penetration can easily be evaluated from the points. Fig. 6 Fig. 6(b) . If s* = s~, the case of homogeneous penetration or of no penetration should be considered. Thus, f(r) is roughly obtained by comparing Stl with s*. More detailed information is obtained from s* and t many s,, as follows.
If f(r) is expressed by a step function with two parameters as (Fig. 6b) f(r)=A ([rl<R) and 0 ([rl>R),
where A and R are parameters, F(s) is given by 2n nR Fig. 3 . Two simple models proposed for the isoscattering point of the system with additive penetration of Fig. l(h) . Both models satisfy the appearance conditions of the point. The notation is the same as in Fig. 2 . Fig. 6 ). Consequently, the step function of f(r) is determined from sT, s] and s~. if f(r) is modeled by step functions with three parameters (Fig. 6a) , it is determined from s*, s], st and s.~ in the same manner.
For the homogeneous penetration of case (ii), all s,* coincide with s*, since the solution of V](s) = 0 is the same as that of V~(s) = 0. Thus, the particle size can be directly determined from s*. However, no information on the additive penetration is obtained from the isoscattering point. The appearance condition of the isoscattering point mentioned above is not perfectly satisfied for every actual system. However, several well defined points appear in the small-angle region if the condition holds approximately. Fig. 7 shows the first isoscattering point for case (i). The model does not satisfy the appearance condition since f(r) is asymmetric. However, the position of the point is close to the s] of the particle for which f(r) is symmetric. Even from such a point, therefore, it is suggested that the additive v1(n penetrates into the internal region of the solute particle. The scattering curves of the models were computed using the scattering functions given in the Appendix of the previous paper (Kawaguchi & Hamanaka, 1992) .
Concluding remarks
If additive penetrates into the solute, the appearance of the isoscattering point is limited to only two cases.
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10 9 I'"'-.. The conditions are summarized as follows: in addition to the fundamental conditions that the solute is spherical in shape and monodispersive in size, either (i) the distribution is spherically symmetrical and the amount is proportional to Po; or (ii) the amount is arbitrary but the distribution is homogeneous over the solute. In the former case, the radial distribution is • *" in the latter, no information obtained from s~' and s, concerning the penetration is obtained, since all s,* coincide with ,%.'*
